Effect of pomegranate (Punica granatum L.) juice extracted by squeezing and centrifugation methods on lipids profile in healthy and induced hypercholesterolemic rats was investigated. Eighty adult male Sprague Dawley derived rats were individually housed in stainless steel cages having wires mesh bottoms and fronts in room maintained at 25-30 ºC, and light between 7:0 AM and 7:0 PM daily. Animals were randomly divided into two groups of forty animals, first group was undertaken to be the normal animals and the second group of other forty animals were fed on 4% cholesterol diet (Tables 1 and 2 ) before starting the experiment and fed 2% cholesterol diet through the experiments. Each group was divided into eight subgroups related to seven pomegranate juices and control, five each and fed the diets for 28 days. The rats were daily gavaged with 1 ml pomegranate juice after feeding except those of control groups giving 1ml distilled water. Lipids profile was measured at the beginning and at the termination of the experiment the rats were decapitated and blood was taken from the animals to measure again the above parameters. Results show that consumption of different pomegranate juices by healthy and hypercholesterolemic rats significantly (P<0.05) decreased TG, TC, LDL-C, TC/HDL-C and LDL-C/HDL-C and increased HDL-C values compared with control groups. In conclusion, pomegranate juice showed lipid-lowering effects in healthy and experimentally induced hypercholesterolemia rats, and could be requisite in reducing lipidemia as a factor of atherosclerosis risk.
INTRODUCTION
Pomegranate (Punica granatum L.) tree is widely cultivated around the world and native of the area of Middle East, including Iran to the Himalaya of India, and has been cultivated in Arabia, Turkey and over the entire Mediterranean region since ancient times ( Aviram et al., 2000; Aarabi et al., 2008 and Eksi and Özhamamc, 2009 ). It has been ennobled and sanctified by Islamic, Greek, Hebrews, Babylonians, Persians and Chinese (Aviram et al., 2000 and Viuda-Martos et al., 2010a) . The edible part of pomegranate fruits is consumed fresh and the juices used to make jellies, puddings, desserts, drinks and flavoring in some beverages (Fadavi et al., 2005 and Viuda-Martos et al., 2010b) . The edible part of pomegranate fruits includes the arils and its juicy translucent flesh covering the seed. The edible portion (about 50% of total fruit weight) is composed of juicy seeds (arils) that comprise 80% juicy flesh and 20% seeds (Aviram ‫ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ The research is a part of Thesis of second author.
‫الـرافـديـــن‬ ‫زراعـــة‬ ‫مجــلة‬ ‫المجلد‬
( 24 ‫العدد(‬ ) 1 ) 4112
MATERIALS AND METHODS
Pomegranate fruits source: Pomegranate fruits (Punica granatum L.,) were obtained from Armishy village in Zakho/ Northern of Iraq and this species of pomegranate is characterized by small arils and has three varieties classified according to its taste as follows: Sour, Sweet and Sour-Sweet pomegranate. Local pomegranate juice was obtained from local markets. Pomegranate Juice was extracted according to the method followed by Thannoun and Tayib (in press) which was modified from Miguel et al. (2004) . Chemical Analysis was performed as followed: Moisture was determined according to the method mentioned in Anonymous (2000) using electric vacuum oven made by Memmert Company at 105ºC and 100 mmHg pressure. Protein was determined by Macrokjeldahl method using technique mentioned in Anonymous (2000) . Fat was determined by Soxhlet apparatus using method mention in Anonymous (2000) . Fibers were determined using method mentioned in Anonymous (2000) . Ash was determined according to method mentioned in Anonymous (2000) using Muffle Furnace made by Thermolyn Company at 550ºC overnight or to complete ashing by obtaining white ash. However, carbohydrates were calculated by difference. Ascorbic acid (vitamin C) was determined according to the method mention by Anonymous (2000) using 2,6 dichloro phenol Indophenol dye. Diet preparation: The diets were formulated according to Anonymous (1978) (Table1). The amount of dietary protein, fat, cellulose, sucrose, vitamins and minerals were formulated to be similar in all diets by adjusting the level of nutrients added. Cholesterol was added to a basal diet to provide 2 and 4% cholesterol diets other than original basal diet to feed the induced hypercholesterolemic rats before (4%) and through the experimental time (2%). Diet ingredients were thoroughly mixed in a mixer bowl by a mechanical mixer. The composition of the experimental diets is shown in Table ( 2). Experimental animals: Eighty adult male Sprague Dawley derived rats (Their parent were originally obtained from biology department, College of Science, Duhok University) were individually housed in stainless steel cages having wires mesh bottoms and fronts in room maintained at 25-30 ºC, and light between 7:0 AM to 7:0 PM daily. Animals were randomly divided into two groups of forty animals, the first one was undertaken to be the normal animals and the second group of other forty animals were fed on 4% cholesterol diet (Tables 1 and 2 ) before starting the experiment and fed 2% cholesterol diet through the experiments. Each group was divided into eight subgroups related to seven pomegranate juices and control, five each and fed the diets for 28 days. Food and distilled water were provided ad libitum. The rats were daily gavaged with 1 ml pomegranate juice (The analysis of the pomegranate juices used in this study was performed and published in our previous study (Thannoun and Tayib, in press ) after feeding except those of control groups giving 1ml distilled water. The animals' body weight and food scrap were weighted and measured and weighted once a week. Lipids profile was measured at the beginning of the experiment and at the termination the rats were decapitated and blood was taken from the animals to measure again the above parameters. Biochemical Analysis: Glucose in the serum was determined using special Kit produced by Com Tech Medical (UK). The concentration of total cholesterol diets was determined according to the procedure followed by Tietz (1987) which was a modification of the Liberman-Buchared reaction after a modified Folch extraction of lipids (Folch et al. 1957) . The extracted lipid from the samples were weighed and dissolved in 10 ml chloroform and 1 ml was used for the reaction. Reference cholesterol was obtained from Sigma chemical Co. (St. Louis, MO, USA). Total cholesterol and lipoproteins concentrations of serum was determined according to the modified method of Plummer (1978) and using special Kits made by international company for medical indicator (Diamind, Jordan). Triglycerides were determined by special Kits made by Giess, Dia Gnostics-Italy. HDL-c was determined using special Kits made by Spinreact SA Company (Spain). LDL-c and VLDL-c were calculated according to equation mentioned by Glew and Peters (1987) . Statistical Analysis: Data were analyzed by one way analysis of Variance and Standard deviations were calculated by using Duncan's Multiple Range Test (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
The effect of pomegranate juice extracted by squeezing and centrifugation methods on lipid profile in healthy rats was shown in Table ( 3). The data show that there were significant (p<0.05) differences between Triglycerides (TG) levels of animals gavaged pomegranate juice after 28 days of experiments. The level of TG ranged between the lowest values of 42.66 mg/100 ml for rats gavaged with Sour-sweet/ squeezing juice to highest value of 58.83 mg/100 ml for group of animals gavaged with sour pomegranate juice extracted by centrifugation method. However, comparing the levels of TC after 28 days of experiment sowed that they were decreased in all groups of animals gavaged with pomegranate juices compared with control group. Results show that clear reduction was observed in which the TG level was decreased from 73.37 to 57.91 mg/100 ml in animals gavaged with sour pomegranate juice extracted by squeezing method and from 61.5 to 45.8 mg/100 ml in animals gavaged with sweet pomegranate juice extracted by squeezing method and followed by animals gavaged with sour sweet pomegranate juice extracted by squeezing, then animals gavaged with sweet pomegranate juice extracted by centrifugation and finally animals gavaged with sour sweet pomegranate juice extracted by centrifugation method, however, the reduction was from 64.18 to 50.01 mg/100 ml in animals gavaged with commercial pomegranate juice.
Results in Table ( 3) show that there were a significant (p<0.05) differences between total cholesterol (TC) levels in the serum of healthy animals fed basal diet and daily gaveging with pomegranate juices for 28 days and with those of control animals. The TC levels for all groups were decreased after treatment with pomegranate juice. The highest level of cholesterol were 67.6 and 67.24 mg/100 ml for groups of animals gavaged with sour sweet pomegranate juices extracted by centrifugation and squeezing methods, respectively and these were not differed significantly (P<0.05) than TC level (64,99 mg/ 100 ml) of group of animals gaveged with commercial pomegranate juice. While the lowest level of TC was 42.61 mg/100 ml of group of animals gaveged with sweet/ squeezing compared with 63.6 mg/100 ml for control animals and this was almost similar to TC level of animals gavaged with sweet pomegranate juice extracted by centrifugation in which there was no significant difference between them. When the
482 levels of TC had been compared after 28 days of experiment showed that they were decreased in all groups of animals gavaged with pomegranate juices compared with control group. However, the level of TC for control group was changed slightly from 62.5 to 63.6 mg/100 ml while data indicated that TC levels of animals gavaged with sour pomegranate juice extracted by squeezing method was reduced from 52.29 to 45.4 mg/100 ml. The lowest reduction in TC level was for animals gavaged with sweet pomegranate extracted by centrifugation method (68.4 to 62.1 mg/100 ml). Lower reduction in TC was shown by commercial pomegranate compared with groups gavaged with other pomegranate juices. This reduction of TC levels as affected by gvaging with pomegranate juices may be due to the effect of antioxidant activity of phenolic and other active compounds found in pomegranate juice and this would protect fat oxidation in which prevent the atherosclerosis progress (Bors, 1999 and Elzbieta, 2000) Table (3) also shows that there were no significant (p<0.05) differences between the high density lipoprotein cholesterol (HDL-C) in healthy animals gavaged with all pomegranate juices and after 28 days. The levels of HDL-C ranged between 13.09 in animals gavaged with sweet pomegranate extracted by centrifugation method to 15.33 mg/100 ml in animals gavaged with commercial pomegranate juice. Comparing the levels of HDL-C after 28 days of experiment showed that they were increased in all groups of animals gavaged with pomegranate juices compared with control group. It has been noticed that the most valuable juice in increasing the HDL-C was sour sweet pomegranate juice extracted by squeezing method in which the level of HDL-C was increased from 11.87 to 13.66 mg/100 ml, however the lowest increase was in animals gavaged with commercial pomegranate juice in which increased the level from 15.12 to 15.33 mg/100 ml.
The data in Table ( 3) also show that there were a significant (P<0.05) differences between the value of low density lipoproteins (LDL-C) in animals gavaged with all pomegranate juices after 28 days of experiment. The levels of LDL-C was ranged between 19.94 mg/100 ml in animals gavaged with sweet pomegranate juice extracted by squeezing method and 45.06 mg/100 ml in animals gavaged with sour sweet pomegranate juice extracted by sqeezing method. Comparing the levels of LDL-C after 28 days of experiment we found that the levels were decreased for all the groups of animals gavaged with pomegranate juices compared with control group. The level of LDL-C was decreased from 35.23 to 20.05 mg/100 ml in animals gavaged with sour pomegranate juice extracted by squeezing method, while the level was decreased from 43.07 to 38.07 mg/100 ml in animals gavaged with sweet pomegranate juice extracted by centrifugation compared with control animals in which the LDL-C level was increased slightly from 73.01 to 37.52 mg/100 ml.
The reduction in TG, TC, LDL-C and increased the HDL-C in animals gavaged with all pomegranate juices are considered as improvement factor of lipid profile compared with control group. These results were in agreement with those found by Yousif (2000) . The improvement of lipid profile toward reduction of serum lipids specially cholesterol and (1) 2014 486 LDL-C may be related to the presence of different polyphenolic compounds with other compounds such as ascorbic acid which collectively responsible for protective and antioxidative effects (Gerster, 1999) and reduces oxidative stress (Gey, 1995; Rock et al., 1996 , Nagyova, 1998 and reduces oxidative stress, atherogenic modifications to LDL, and platelet aggregation (Aviram et al., 2000 ) .
Results show that there were a significant (P<0.05) differences between atherogenic factors as TC/HDL-C or LDL-C/HDL-C for the animals gavaged with different pomegranate juices extracted by squeezing and centrifugation methods including control animals. Atherogenic factors as TC/HDL-C and LDL-C/HDL-C ranged between 2.58 to 4.93 and 0.72 to 3.30, respectively for all animals gavaged with different pomegranate juices. Comparing the values of TC/HDL-C or LDL-C/HDL-C after 28 days of experiment we found that the values were significantly (P<0.05) decreased for all groups of animals gavaged with pomegranate juices including control group.
Results also show that the atherogenic factor of LDL-C/HDL-C decreased to lower value (0,721) for animals gavaged with sour pomegranate juice extracted by squeezing method but similar to that of control group. Other decreased little to values of 3.30 and 3.21 for those animals gavaged with sour sweet pomegranate juice extracted by squeezing method and centrifugation method, respectively. Finally, data in table (3) show that all pomegranate juices used in this studies show a decreasing in TG, TC, TC/ HDL-C and LDL-C/ HDL-C and increasing in HDL-C in which indicating an improvement of lipid profile and may attenuation of atherosclerosis development in healthy rats and this was in agreement with those found by Yousif (2000) . Aviram et al. (2000) found that consumption of pomegranate juice by healthy subjects decreased LDL-C susceptibility to aggregation and retention by inhibiting atherogenic modifications of LDL, including its retention, oxidation, and aggregation and also increased the activity of serum paraoxonase (an HDL-associated esterase that can protect against lipid peroxidation). The antiatherogenic effect of pomegranate juice have been attributed to its wide range of phytochemicals, which are predominantly polyphenols, including primarily hydrolyzable ellagitannins, anthocyanins, and other polyphenols and organic acid such as ascorbic acid which possess potent antioxidative properties. (Aviram and Dornfeld, 2001 and ViudaMartos et al., 2010a) . Other suggestions may be by increasing serum antioxidant activity and decreasing plasma lipids and lipid peroxidation (Basu and Penugonda, 2009 ).
The effect of pomegranate juices extracted by squeezing and centrifugation methods in hypercholesterolemic rats was shown in Table (4). Results show that there were significant (p<0.05) differences between the final TG values in hypercholesterolemic animals after 28 days of gavaged with different pomegranate juices compared with control group. The TG values were ranged between 59.93 mg/100 ml for animals gavaged with sour sweet pomegranate juice extracted by squeezing method and 78.14 mg/100 ml for animals gavaged with commercial pomegranate juice compared with 75.50 for control group. When comparing the levels of TG after 28 days of experiment we found that the levels were decreased for all groups of animals gavaged with pomegranate juices compared with control group. The TG value was decreased from 80.31 to 60.34 mg/100 ml for animals gavaged with sour pomegranate juice extracted by squeezing method compared with lowest decreased (81.23 to 78 .14 mg/100 ml) for animals gavaged with commercial pomegranate juice. Results also show that there were significant (P<0.05) differences between the TC values for hypercholesterolemic animals gavaged with different pomegranate juice. The lowest TC value was 74.42 mg/100 ml for animals gavaged with sour pomegranate juice extracted by squeezing method compared with 125.41 mg/100 ml for control animals. Comparing the levels of TC after 28 days of experiment we found that the levels were decreased for all groups of animals gavaged with pomegranate juices compared with control group. The TC value was decreased from 130.04 to 74.42 mg/100 ml for animals gavaged with sour pomegranate juice extracted by squeezing method followed by animals gavaged with sweet pomegranate juice extracted by squeezing method. Esmaillzadeh et al. (2006) studied the effect of concentrated pomegranate juice on lipid profiles of diabetic (type II) and hyperlipidemia patients after 8 weeks of experiment. They showed reductions in TC, LDL cholesterol, TC/HDL-C ratio and LDL/HDL ratio. But there were no significant changes in serum triacylglycerol and HDL-c concentrations.
Table (4) shows that there were significant (P<0.05) differences between HDL-C values for rats gavaged with different pomegranate juices. Results show that the lowest HDL-C value was 10.5 mg/100 ml for control animals and the highest value of 14.76 mg/100 ml for animals gavaged with sour pomegranate juice extracted by squeezing method followed by 13.91 mg/100 ml for group gavaged with sour sweet pomegranate juice extracted by squeezing method. Comparing the HDL-C values after 28 days of experiment we found that the levels were increased for all groups of animals gavaged with pomegranate juices compared with control group. The increased of HDL-C value was (10.6 to 14.76 mg/100 ml) for animals gavaged with sour pomegranate juice extracted by squeezing method and the lowest change was (10.98 to 12.44 mg/100 ml) for group of animals gavaged with commercial pomegranate. Kolovou et al. (2005) stated that an inverse correlation between fasting TG and HDL-C levels was found among dyslipidemic untreated patients and their relationship remains stable in all patients' phenotypes and indirectly implies that TG and HDL-C levels depend on common metabolic pathways and this correlation should be taken into consideration when the risk of atherosclerosis is evaluated.
The data of Table ( 4) also show significant (P<0.05) differences between LDL-C values of animals gavaged with different pomegranate juices compared with control group. LDL-C values were ranged between the lowest value of 50.36 mg/100 ml for animals gavaged with sour sweet pomegranate juice extracted by squeezing method and 99.67 mg/100 ml for group of animals gavaged with commercial pomegranate juice compared with 99.10 mg/100 ml for control animals. However, when we compare the LDL-C values after 28 days of experiment we found that the levels were highly decreased for all groups of animals gavaged with pomegranate juices compared with control group. For example, the values were decreased from 103.39 to 53.61 mg/100 ml for animals gavaged with sour pomegranate juice extracted by squeezing method and from 105.o2 to 50.36 mg/100 ml for group gavaged with sour sweet pomegranate extracted by squeezing method and from 108.62 to 53.61 Mg/100 ml for animals gavaged with sweet pomegranate juice extracted by squeezing method compared withdecreasing of the LDL-C value from 104.25 to 99.1 mg/100 ml for control group. 
